In this work, global energy balances for grid-connected Spanish buildings have been carried out to evaluate the potential of selfconsumption applying European Directives. Using the software TRNBuild, five three-story buildings have been created and run in TRNSYS Simulation Studio. Four end-user categories (hospitals, offices, shopping center, schools) and five Spanish provinces with different weather conditions have been selected to calculate total thermal, electrical and domestic hot water (DHW) consumptions. It was assumed thermal (heating and cooling) and DHW demands could be supplied without direct consumption of fossil fuels, using air-to-air heat pumps and solar collectors with electric auxiliary resistances. Hence, for each case, a global electrical balance (discounting solar thermal contribution) between demands and the PV array production has been performed. Finally, parametric and economic analyses have been carried out, demonstrating the feasibility of these systems.
Introduction
The building sector is becoming a key piece of the energy system and the concept of Net Zero Energy Building (netZEB) takes a central role. In Europe the Directive on Energy Performance and Buildings proposes to "increase the number of nearly zero-energy buildings" and "energy required should be covered to a very significant extent by energy from renewable sources, including energy from renewable sources produced on-site or nearby" [1] . As analyzed in these reviews [2, 3, 4] , different definitions of nearly ZEB are possible and the most important features are metric, period and type of balance, type of energy use and renewable supply options. All of these factors can be defined in different ways. For this reason, this paper addresses global energy balance between all annual consumption (thermal, DHW, electrical) and on-site renewable energy generation. Grid connection and battery storage have been also included in the analyses. Another important concept, related to renewable energy production and electrical demand, is Self-Consumption. Despite the Spanish Normative regarding self-consumption of renewable energy production is currently not welldefined, several papers on this topic have already been published. In most cases electrical balance between load and PV generation is calculated [5, 6, 7] , disregarding any thermal and DHW demands. Hence, the principal aim of this paper is to evaluate the potential of self-consumption for different Spanish end-user categories and at the same time to comply with the concept of nearly ZEB.
Nomenclature

CF
In the next section, a description of components and load curves is presented. This is followed by Section 3 that introduces the methodology and technical and economic parameters employed in the analyses. Finally, the results and conclusions are presented in sections 4 and 5 respectively.
System description
Three-story building models were analyzed, following methodology proposed by Korolija et al. [8] . Energy simulations were carried out by using TRNSYS 17 (Transient System Simulation Program) and building models were created with TRNBuild [9] . The analyzed system consists of four principal subsystems: (i) building, occupancy and weather data, (ii) thermal subsystem, (iii) solar domestic hot water subsystem (SDHW) and (iv) electrical subsystem (see Figure 1) .
Current Spanish Technical Building Code [10] limits maximum thermal transmittance (U-values) depending on climate zone and defines five winter-climate zones from A to E according to air temperature (where A is the warmest and E the coolest) and four summer-climate zones from 1 to 4, according to solar global radiation (where 1 is the zone with the lowest radiation and 4 with the highest one). Hence, building thermal insulation changes with the climate zone. In this study, to combine Meteonorm climate data availability with the possible options, five different locations were selected: Almeria (A4), Valencia (B3), Bilbao (C1), Madrid (D3) and Logroño (D2) and 5 different type of buildings with different thermal properties were simulated. Data for E-zone were not available. In order to validate thermal results, the values obtained by TRNSYS were compared with those reported by IDAE [11] . To calculate building thermal demand, the limits of minimum temperature of 20ºC and maximum temperature of 25ºC were set inside the buildings during the working hours (see Table 1 ). Furthermore, it was assumed that ventilation was proportional to the occupancy and infiltration was equal to 0.8 volumes per hour. In order to associate electrical and domestic hot water (DHW) demand to each building, several end-use categories were analyzed: offices, schools, shopping centers and hospitals.
As shown in Figure 2 , several occupancies and load profiles associated to each category were defined [11, 12] . It was assumed that hospitals and shopping centers were opened during all the days of the year. Offices closed during two weeks in winter and two weeks in summer while schools closed two weeks in winter and 79 days in summer.
In SDHW subsystem main components were solar flat collectors (type 1b), a control element (type 2b) and a storage tank with auxiliary heating elements (type 4c). The parameters used for solar collectors were taken from K420VH-AL data-sheet [13] . The aim of this system is only to provide heat for hot water demand. Component sizing was made following Spanish Normative [14] and design guidelines reported in the literature. Electrical subsystem consisted of a PV array (type 180e), batteries (type 47a) and a regulator/inverter (type 48b). Parameter values of PV panels were taken from Conergy 250P data-sheet [8] and battery parameter values were collected from Trojan IND29-4V data-sheet [15] . For the sake of simplicity, tilt angles of PV and solar collectors corresponded to the latitude of each locality in order to maximize annual energy production, as shown in Table 2 . PV panel productivity is also pointed out in the same table.
In the regulator/inverter a global balance of total required electricity was performed. Total electrical demand was the sum of the electrical energy required by building heating and cooling, electrical energy supplied by the DHW auxiliary heating element and electricity associated with the selected profile. It was assumed air-to-air heat pumps have a coefficient of performance (COP) equal to 3 and electricity needs for heating and cooling were calculated as total thermal energy needs simulated with TRNSYS and divided by the COP. 
Methodology
Technical analysis
To analyze and evaluate the system, a similar approach used in [6, 7] has been adopted. Three parameters are proposed: Self-consumption (SC), Capacity Fraction (CF) and Load Fraction (LF).
(1)
Where E PV,load is the annual PV electricity feeding the loads, E bat,load is the annual electricity feeding the load from batteries, E PV is the annual electricity produced by PV array, E load is the annual electricity consumed by the load. The first parameter (SC) represents the energy produced by the PV array and instantaneously consumed, the CF is an indicator of PV array dimensions and LF represents the part of the load covered by solar energy from the PV system or from batteries. CF=1 means that annual energy production of PV system is equal to the annual electrical load and
SC is equal to LF. In the analyzed systems charging battery directly from the grid was not permitted. To perform a parametric analysis the size of PV array was varied in order to achieve CF factors equal to 0, 0.5, 1, 1.5 and 2. The storage capacity was also modified by changing the number of battery cells installed in order to achieve values close to 0, 0.25, 0.5, 0.75 and 1.00 times the daily consumptions.
Economic analysis
For each analyzed case an economic evaluation of the electrical system was carried out. In particular the Net Present Value (NPV) and PayBack Period (PBP) were calculated. Main economical parameters are showed in Tables 3 and 4 and they are the same for all the examined cases. The adopted values are comparable to those used in the literature [7, 16, 17] . The costs of the equipment installed coincide with commercial prices in Spain at the beginning of 2013. It was also assumed that costs of PV modules, inverters and batteries include all additional elements needed for the correct operation of the system. Because of the lifetime of these components (see Table 3 ), inverters will be replaced once and batteries 4 times, during the PV modules operation. To estimate the amount of money saved because of self-consumption, it is assumed that energy purchased from the grid costs 15 c€/kWh and the same price is considered for energy sold to the grid. Additional savings related to taxes and VAT were taken into account achieving an overall value of 19.1 c€/kWh. It was assumed the price of energy increased during lifetime of panels with an annual rate of 2%, but no feed-in tariffs were added to energy sold. Operation and maintenance costs include also insurance cost and they were calculated as 1% per year of capital cost (the sum of PV modules, inverters and batteries cost). Loss of efficiencies for PV panels was taken into account in order to reduce the annual energy production and its benefits. It was also assumed that 50% of the capital cost is covered by a bank loan, with an interest rate of 5%. Finally, a discount rate of 7% was used. Figures 3 and 4 show the results of the parametric analysis. In particular the behavior of CF, SC and LF for the offices located in different places in Spain and for different end-user categories in Almeria is showed.
Results
Technical results
As it can be seen in Figure 3a , there is no advantage to oversize storage capacity since the benefits on LF and SC are negligible for capacity storages greater than 50% of mean daily consumptions. For this reason, in the other graphs only the case with no batteries and the storage capacity that equals 25% and 50% of the main daily consumptions are presented.
In Figures 3 and 4a these parameters are compared for the offices situated in five Spanish provinces. The different locations have similar trends, however zones with lower radiation (Bilbao and Logroño) need higher PV power to achieve the same CF factor. Moreover, climatic zones with greater cooling needs (Almeria or Valencia, see Table 5 ) present higher values of SC and LF, because of the simultaneity between energy demand for air-conditioning and the PV production. For instance, a LF factor over 0.95 is reached for a CF=2 with an electrical storage equal to 50% of daily consumptions in Valencia; whereas the corresponding value amounts to 0.88 in Bilbao (see Figure 3) .
As shown in Table 5 and Figure 4 , the schools have worse performances because they remain closed for more than two months in summer, when solar radiation is higher and they do not take advantage of that. To improve their results it is possible to optimize PV-panel tilt angle in order to maximize their electricity production.
Because of some differences in load profiles, it is possible to note different trends in LF and SC curves, as shown in Figure 4 . In particular LF-curves for offices and schools show milder and steadier trends in comparison to hospitals and shopping centers where their LF-curves initially show steeper slopes for lower CF values and later saturation when the installed PV power increases. Thus, no greater benefits are possible to achieve by increasing the PV array and this behavior is particularly consistent for the cases without storage. On the other hand, for shopping centers and hospitals it is possible to obtain significant improvements on LF and SC when storage systems are installed. Hence, offices show the highest values of LF and SC for CF=2 and 50% of mean daily consumptions, whilst for CF=1 the highest values belong to the Shopping Center. 
Economic performances
NPV and PBP (evaluated in Table 5 ) are most commonly used for assessing economic performance of an energy installation. The best values correspond to the zones with higher solar radiation (Almeria, Madrid and Valencia). Figure 5 shows the NPV for different end-user categories in Almeria, where the best economic results were obtained. According to the analysis, good profitability is possible for the offices and the shopping centers in Almeria and for the schools with small storage systems and high values of CF. In the case of hospitals this analysis does not show any feasible configuration that includes a storage system. And this is due to three main reasons: (i) the load profile does not match with the solar production, (ii) the battery cost is high and (iii) the high electrical consumptions associated to the hospital. Hence, a greater storage system is required and the capital cost increases dramatically.
Discussion and conclusion.
The results of the analysis presented in this paper allow to conclude that the construction and diffusion of nearly ZEBs is possible and this paper addresses the feasibility of these buildings for different end-user categories. In particular, it is possible to cover almost the whole energy demand -considered as the sum of thermal needs, DHW and electrical load -with the integration of solar energy devices and small storage systems. This is especially effective in cases where high solar radiation is available and a good match between energy demand and PV production exists.
The three parameters CF, SC and LF have been introduced and in continuation used for the evaluation and assessment of the system performance. CF is an indicator of PV array dimensions, SC represent the part of the PV production instantaneously consumed and LF represents the part of the load covered by solar energy from the PV system or batteries. An interesting value to consider when sizing the plants is CF = 1 because at this condition LF and SC are equal and it is possible to maximize their product without oversizing the PV array. In general, it is possible to achieve higher values of LF by increasing the installed PV power, but at the same time SC decreases. Furthermore, LF and SC increase with storage size.
In recent years, with the dramatic decrease of PV-panel prices, grid parity has been achieved in Spain and the conclusion of the economic analysis is that integration of PV system in nearly ZEB is feasible today. The constraining factor for its faster introduction and wide spread use is the cost of batteries. Nevertheless results indicate a good profitability for the cases with small storage.
